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Mark J. Jackson, MD,a and Ara W. Darzi, MD,b London, United Kingdom
Background: There is growing focus on surgical technical competence and the means by which we are able to measure it.
Ongoing studies have shown a plateau effect with increasing experience of the operator. The aim of this study was to assess
the technical competence of five groups of surgeons with increasing experience and validate a new rating tool for use in
surgical assessment.
Methods: Fifty surgeons performed a saphenofemoral junction ligation on a synthetic groin model. The procedure was
videotaped, blinded, and reviewed independently by three assessors. Performance was assessed using a previously
validated global rating scale of generic surgical skill. In addition, each procedure was rated with the procedure-specific
Imperial College Evaluation of Procedure-Specific Skill (ICEPS) rating scale to establish the construct validity (ability to
differentiate on the basis of skill) and inter-observer reliability.
Results: Both rating scales showed improved scores with ascending grades (P < .001) and demonstrated a high
inter-observer reliability both for generic and procedure-specific skill (  0.97 and   0.96, respectively). Total
operative scores demonstrated significant differences between surgeons in postgraduate years 1 and 2 and surgeons in
years 3 and 4 and also between newly appointed and experienced consultants (P< .041). Procedure-specific performance
showed a plateau effect at the registrar level. Generic skill continued to improve, and significant differences were seen
between newly appointed and senior consultants (P < .026).
Conclusion: This study shows that surgical performance continues to improve significantly beyond consultancy, and the
data suggest that generic and procedural performance continue to improve, with significant improvement in the former
with increasing experience. The ICEPS rating scale demonstrates construct validity and a high inter-observer reliability
supporting its use in formative and summative assessment. (J Vasc Surg 2006;43:539-45.)There is an increasing awareness for a need to assess
technical competence. This has come about because of a
variety of factors:
Reduced work hours. Across Europe, we are facing a
reduction in the working hours of surgeons in training as a
result of implementation of the European Working Time
Directive.1,2 In the United Kingdom as well as in most of
Europe, there are no plans to increase the number of years
to reach consultancy; therefore, current trainees will un-
doubtedly have less experience than previous generations at
the end of their training period.3 Those in surgical educa-
tion are looking for ways to establish levels of compe-
tency during the training period to ensure that these
less-experienced consultants will have sufficient skill to
undertake independent practice.4-13
Regulation within the profession. Surgeons are as-
sessed at all stages of their training from medical student to
consultancy and beyond. Medical students are expected to
demonstrate the core knowledge of surgery that is requisite
of any medical practitioner. Junior surgical trainees are
expected to demonstrate their knowledge of basic medical
sciences as applied to surgery and also of clinical surgery in
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demonstrate this as well as detailed knowledge of operative
surgery, surgical judgement, and decision-making. Once in
independent practice, consultants are expected to under-
take continuing professional development. Nevertheless, at
no stage are structured validated criteria used to objectively
assess the technical competence of surgeons.
Public demand. Increased openness within the pro-
fession has been exploited by the media both in the United
Kingdom14-16 and abroad. As a result, the general public
has increased awareness and demands of the profession.
Over the last few years, a number of studies from
institutions worldwide have looked at surgical competence
across varying experience levels to validate numerous surgical
rating tools. Current simulators and rating tools suggest that
surgical technical competence shows a plateau at the senior
trainee level, with no significant differences observed between
groups beyond this level.17-20 These rating tools have there-
fore been criticized for being insensitive.
The purpose of this study is to assess the surgical
competence of all levels of experience, from senior house
officers to experienced consultants, by using the newly
developed procedure-specific Imperial College Evaluation
of Procedure-Specific Skill (ICEPS) rating scale in conjunc-
tion with the Objective Structured Assessment of Technical
Skills (OSATS) global rating scale.
METHODS
The task. Saphenofemoral junction ligation was se-
lected, as it is an operation that is regularly performed by
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vascular surgery. The model was a newly developed syn-
thetic model (Fig 1) depicting the human saphenofemoral
junction and its tributaries. This model allows incision of
the skin and dissection through the superficial fatty and
deeper fascial layers. Once beyond the fascial layer, the
surgeon has to identify the fluid-filled long saphenous vein
with its four groin tributaries, ligate the tributaries, and
then perform a saphenofemoral disconnection. Use of a
synthetic model allows for standardization of the tasks and
avoids the ethical constraints of this study. Previous studies
in this institution have demonstrated concurrent validity of
this model compared with operating theater perfor-
mance.21
Participants. Fifty surgeons volunteered to take part
in this study, 10 each from the following groups:
● Senior House Officers (SHO)—equivalent to sur-
geons in postgraduate years 1 and 2 of a surgical
residency program. All the participants from this group
had completed the Royal College of Surgeons Basic
Surgical Skills course and had performed supervised
saphenofemoral junction ligation.
● Junior Specialist Registrars (JSpRs)—equivalent to
surgeons in years 3 to 4 of a surgical residency pro-
gram. All the volunteers in this group were general
surgical specialist registrars in their first to third year of
training.
● Senior Specialist Registrars (SSpRs)—equivalent to a
surgeon in a fellowship program. These surgeons were
in subspecialty training in vascular surgery in their
fourth to sixth year of training.
● Surgeons with recent Certificate of Completion of
Specialist Training (Ncon)—equivalent to a newly ap-
pointed attending surgeon. All surgeons in this group
had recently (1 year) been awarded their Certificate
of Completion of Specialist Training or had held a
Fig 1. Saphenofemoral junction groin model (Limbs & Things,
Bristol, UK). Tissue consists of silicone with latex fluid-filled
vessels.consultant post for 2 years.● Senior Consultants (Scon)—surgeons who had been
in independent practice for 5 years.
Consecutive trainees were recruited. Consultant sur-
geons practiced only vascular surgery or general surgery
with vascular surgery as their speciality interest. Surgeons
not in a training or consultant post were excluded.
Rating tools. We employed the rating scale used in
OSATS and validated by the University of Toronto Centre
for Research in Education.4,22 This rating scale tests various
aspects of generic surgical skill, including respect for tissue,
instrument and suture handling, time andmotion, flow and
knowledge of procedure, and quality of end product. The
scale is numbered 1 to 5, with 1 representing a poor
performance, 3 (an average score) representing a compe-
tent performance, and 5 representing an excellent perfor-
mance. Descriptive comments for each technical domain
are given at each of these anchoring points. The minimum
score for technical performance is 8, and 40 is the maxi-
mum attainable score. This rating scale is applicable to all
open surgical procedures. Studies have been published
from several centers using this rating scale.8,20,22-24 It has
demonstrated correlation between the performance on syn-
thetic bench models4 with performance on animal models
and also correlation with operative theater performance.25
The Toronto group has demonstrated a transfer of skill
from synthetic models to operative performance26 with this
rating scale, and the Imperial College group has demon-
strated a significant correlation of global scores with the
results of electromagnetic motion analysis of surgeons’
hand movements.19
The OSATS, however, only assesses the generic surgi-
cal skill of the surgeon, those aspects of surgical technique
such as handling of instruments and sutures. Content va-
lidity of a technical skills assessment, or the extent to which
an assessment tests the content domain (ie, does the sur-
geon identify and ligate the saphenofemoral junction?) it
purports to, is generally assessed using checklists; however,
Regehr et al27 demonstrated a greater construct validity
(the ability of this test to differentiate between surgeons
of varying skill levels) and interobserver reliability of
rating scales over checklists. We therefore developed the
procedure-specific Imperial College Evaluation of Proce-
dure Specific Skill (ICEPS) rating scale for assessing the
content of a procedure on a standard 5-point scale. The
domains tested are specific to saphenofemoral junction
ligation (Fig 2). Combing the marks of OSATS and ICEPS
(maximum 40 for each), we attained a total operative score
for this procedure.
Video assessment. Video footage of saphenofemoral
junction ligation performed on this synthetic bench model
was blinded, with sound removed, and randomized. This
video footage was reviewed and marked by three surgical
research fellows (V. A. P., K. M., Y. M.) with experience in
the use of rating scales for surgical assessment. Each asses-
sor had rated 50 procedures with the OSATS global
rating scale. All marking was independent, and videotape
selection was random and identified only by codes.
. Desc
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the three assessors was evaluated using Cronbach’s , the
standard method of assessing the reliability of a rating scale.
It is suggested that for research purposes, a reliability
coefficient of   0.6 to 0.8 is sufficient, and for a high-
stakes assessment, such as a surgical examination, this coef-
ficient should be 0.8.
Construct validity was assessed using the Kruskal-Wallis
test. We identified significant differences between adjacent
subgroups as an a priori hypothesis. This also allowed us to
identify plateaus in surgical technical skill. We used the
Mann-Whitney U test in the subgroup analysis. SPSS ver-
sion 10.0 (SPSS, Inc, Chicago, Ill) software for Windows
(Microsoft, Redmond, Wash) was used in the statistical
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interobserver correlation for OSATS generic scores was
high (Cronbach’s   0.97). A similar level of agreement
was achieved with ICEPS scores for procedural skill ( 
0.96).
Construct validity. The scores for generic surgical
skill and for procedural performance increased significantly
with ascending grade (Kruskal-Wallis; P  .001 for both).
Subgroup analysis. Senior house officers had signifi-
cantly poorer generic surgical skill on the OSATS (scores
12.3 to 19.7) compared with junior specialist registrars
(scores 19 to 33.7) (Mann-Whitney U test, P  .001)
(Fig 3). The difference in generic surgical skill among
junior and senior specialist registrars (P .121) and senior
specialist registrars (scores 22.7 to 31.3) and new consult-
ants (scores, 21.3 to 33.7; P  .345) was not statistically
significant. Senior consultants (scores, 26 to 35.7) had
better generic surgical skill than their newly appointed
colleagues (P  .026).
On the ICEPS, again the senior house officer group
(scores 13.7 to 18.7) performed worse than their junior
specialist registrar colleagues (scores, 18.7 to 31.3; P.001)
(Fig 4). Significant differences were not seen between
junior and senior specialist registrars (P .425) or between
senior specialist registrars (scores, 19.7 to 28.3) and new
consultants (scores, 19 to 30.3; P  .306). Significant
differences in procedural performance were not seen in the
two consultant groups (Scons scored 21.7 to 34; P 
.069).
Total operative score. As OSATS tests a surgeon’s
Fig 3. Box plot for generic surgical skills. As in the following
box-plots, the horizontal line represents the median value, boxes
represent the interquartile ranges and whiskers, the 95% confi-
dence intervals. The circles represent statistical outliers and the
asterisk represents extreme values. Significant differences seen be-
tween senior house officers (SHO) and junior specialist registrars
(JSPR) (P  0.001) and between new consultants (NCon) and
senior consultants (SCon) (P  0.026).generic skill and ICEPS the procedure-specific content ofthe procedure, we combined the two marks to attain a total
operative score. We used this total score to establish when
most technical improvement takes place and when this
model shows the performance of the surgeon reaches a
statistical plateau.
The median score, interquartile range, and actual range
of scores within each subgroup are shown in Fig 5. There
was a significant improvement in scores between the senior
house officer and specialist registrar subgroups (P .001).
In clinical practice, this is reflected by the steep learning
curve associated with commencing higher surgical training.
Between junior and senior specialist registrars (P  .162)
and also between senior specialist registrars and newly
appointed consultants (P  .426), the differences between
the subgroups were not statistically significant, although
there was a general increase in the technical skill scores
of the surgeons. Significant differences were seen between
newly appointed and senior consultants (P  .041), ex-
plained by the significant improvement in generic skill.
DISCUSSION
Numerous methods have been described to assess sur-
gical competence:
Direct observation. This is the method used by train-
ers, but it requires structured criteria to be valid and repro-
ducible.12,28 The performance of the trainee in this context
may be affected by the trainer-trainee relationship; there-
fore, some regard this as a subjective method.
Of the structured criteria that have been established,
among the most extensively validated is the global rating
Fig 4. Box plot for procedural score. Horizontal line represents
median value. Boxes represent interquartile ranges and whiskers,
actual range. The circle represents statistical outliers and the aster-
isk represents extreme values. Although scores increase with grade,
significant differences are only seen between the first two groups (P
 .001). SHO, Senior house officer; JSpR, Junior specialist regis-
trar; SSpR, senior specialist registrar; Ncon, new consultant; Scon,
senior consultant.scale used in the OSATS, developed by the University of
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can be applied to videotape footage of operative procedure
that can be blinded to ensure the objectivity of the assessor.
Motion analysis. The Imperial College Surgical As-
sessment Device developed in the United Kingdom con-
sists of commercially available hardware (Isotrak II,
Polhemus, Colchester, Vt) and patented software that
quantifies hand movements made by the surgeon.29-31
Data for the following parameters are given:
1. Motion trackers on the dorsum of both hands quantify
the number of hand movements made, and software
filters remove artefact movements such as physiologic
tremor.
2. The distance travelled (path length) by the operator’s
hand in relation to a fixed point is displayed for each
procedure.
3. Procedural time is measured.
4. The average speed for both hands is determined by
dividing path length by time.
Motion analysis effectively assesses the economy of
movement of surgeons’ hands and has established that
experienced surgeons have a greater economy of move-
ment.19,30,31 Economy of movement relates to elimination
of purposeless movement rather than speed of the surgeon.
ICSAD is arguably more objective than an examiner; how-
ever, the data are purely quantitative, which may be of great
use when looking at the learning curves of surgeons or
assessing longitudinal performance of a trainee during his
Fig 5. Box plot for total operative score. Horizontal line repre-
sents median value. Boxes represent interquartile ranges and whis-
kers, actual range. The circle represents statistical outliers. Signifi-
cant differences are again seen between the first two groups (P 
0.01). Performance then improves (although not significantly)
until completion of training. There a significant improvement in
score between the newly consultants (Ncon) and senior consultant
(Scon) (P .04). SHO, Senior house officer; JSpR, Junior special-
ist registrar; SSpR, senior specialist registrar.or her training program.Virtual reality. Virtual reality simulators32-35 aim to
realistically simulate surgical procedures, and the software
can accurately assess parameters such as instrumental path
length, simulated blood loss, simulated trauma to struc-
tures, and other variables. The increasing sophistication of
these simulators allows for haptic force feedback to be
delivered to the surgeons. This again allows for quantifica-
tion of surgical skill in laparoscopic surgery, but the current
technology does not allow for sophisticated simulation of
open surgery.
Studies in the assessment of technical skill have previ-
ously demonstrated a plateau in the performance of sur-
geons during higher surgical training, and it is thought that
this continues into consultancy. The reasons for this may
include the following:
1. The rating tools may not be sufficiently sensitive at
higher levels of experience.
2. The studies do not indicate the consultant’s experience.
In this study we aimed to seek differences between all
levels of experience, from novice to expert, and actively
recruited senior consultants into this study.
3. Performance on a particular task may actually plateau
during higher surgical training, and the task is not
sufficiently complex or technically demanding to dem-
onstrate differences between the more senior groups of
surgeons.
The plateau of performance has been seen using global
scores of operative performance and even more so with
checklists. We therefore abandoned using the latter in this
study.
The two rating scales used in this study assess different
aspects of surgical skill (generic and procedural content),
allowing us to derive a total operative score for this proce-
dure. Subgroup analysis of the total operative scores
showed two points in a surgeon’s career when most im-
provement in technical skill takes place. Between basic
surgical training and higher surgical training, technical
scores significantly increase. It appears that surgeons con-
tinue to improve after they have been awarded their certif-
icate of completion of specialist training. Looking at sub-
group differences in generic and procedural scores, it can be
seen that this increase is not because they perform the
procedure more thoroughly, but that their generic skill
improves after consultancy.
Explaining variations between groups. Within some
of groups, in particular the junior specialist registrars grade
(years 1 to 3), the variation in marks is greater than within
other grades. In the United Kingdom, this grade in partic-
ular is not a homogenous group with regards to technical
skill. This reflects the variations in training and experience
before attaining a National Training Number (NTN).
Some regions regard experience favorably, whereas other
regions may prefer to take on a younger, albeit less experi-
enced surgeon for higher surgical training. It is obvious,
therefore, that candidates in this grade will have a consid-
erable range in technical skill, having spent from 2 to 5 years
in basic surgical training. When trainees reach the stage of
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group has become more homogenous, although differ-
ences within this grade still exist.
Why assess content? It may be argued that it is un-
necessary to develop a procedural rating scale if OSATS can
elicit such differences. It is essential, however, for an assess-
ment of technical skill to have content validity and be easy
to use. Procedural rating scales have demonstrated im-
provements in specific components of abdominal aortic
aneurysm repair following workshop-based training.36 This
is useful, not only for the workshop participant in providing
formative assessment and feedback but also for the work-
shop organizer in identifying strengths and potential weak-
nesses of the course.
Applications in surgical training. Bench model sim-
ulators may provide an adjunct to operating theater train-
ing, but practicing on these models is likely to be ineffective
without feedback. Simulator training has been used in
other technically demanding professions such as aviation
for many years.
Surgeons should read about the procedure and be
conversant with the relevant surgical anatomy. They should
then be able to demonstrate their competency in the vari-
ous aspects of the procedure before performing the proce-
dure on patients. This model of training and assessment on
generic and procedural skill may be particularly effective
with repetition on the model and the structured feedback
provided with the rating scales.
CONCLUSION
The construct validity and interobserver reliability of
the ICEPS andOSATS rating scales was high. In particular,
the interobserver reliability for the OSATS global scores
was higher than has been previously reported.8,19 It is
postulated that this may be due to the increased scrutiny
that is required whenmarking with a procedural rating scale
(ICEPS). In particular, use of a visual fast forward facility
(“cue”) was not used.
If an era when assessing the technical competence of
surgeons is gaining momentum, we need to ensure the
methods by which we do this are valid, robust, and helpful.
This model of surgical assessment has been taken up in
formative assessment of surgical skill in our institution and
has paved the way for surgical examinations of technical
competence.24
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